tures of 6 mm or greater. All conscious patients had complained of neck pain on admission; 24 patients (37.5%) had experienced loss of consciousness; 25 (39.1%) had suffered associated head or face injury; and 26 (40.6%) had sustained additional spinal fractures. Two patients (3.1%) had presented with transient nerve root injury ( Table 1 ). The most common causes of injury were motor vehicle accidents (75%) and falls (14.1%).
Treatment of Injuries
Forty-one (95.3%) of the 43 patients with fracture displacements less than 6 mm were treated with nonrigid immobilization (using a Philadelphia or a soft collar) (Table 2). One patient with a Type II odontoid fracture and a Jefferson fracture was treated with a halo orthosis, and one having an associated C-2 body fracture as well as a Jefferson fracture was treated with a cervical tong traction.
Six of the 14 patients who had displaced axis fractures measuring 6 mm or greater were treated primarily with nonrigid immobilization and five were treated with a halo orthosis ( Table 2) . Among the patients treated with a halo, two had complicating C1-3 vertebral body fractures and one presented with a unilateral locked facet. Two other patients in this group required surgical stabilization. One of these patients had contiguous C-2 and C-3 vertebral body fractures as well as a unilateral locked facet that could not be reduced with traction. This patient underwent a C1-3 posterior fusion. The remaining patient showed progressive angulation and persistent neck pain, despite application of a halo orthosis, and underwent a C2-3 anterior cervical discectomy with fusion and stabilization. One patient who had sustained severe, multiorgan systemic trauma was treated primarily with cervical tong traction for 10 weeks. The average hospital stay was 10.5 days.
A total of 49 patients sustained hangman's fractures without complicating contiguous cervical fractures (Table  3 ). All 39 patients with less than a 6-mm displacement and no contiguous fractures were treated with nonrigid immobilization.
Follow-Up Studies
Follow-up studies consisted of repeat neurological examinations as well as flexion/extension radiographs. Patient records were reviewed to evaluate demographic data, degree of neurological impairment on admission and at follow-up examination, associated trauma, and treatment. Stability on flexion/extension radiographs was evaluated by an independent radiologist.
Results
Six patients (9.4%) were lost to follow-up review, and one patient with a massive head injury died less than 1 week after admission. The mean follow-up duration in the remaining 57 patients was 14.2 months (range 2 months-7 years). Of these, 43 patients (75.4%) had presented with fractures that were displaced less than 6 mm and 14 patients (24.6%) had presented with fractures that were displaced 6 mm or greater.
All 57 patients showed evidence of stable bone union at their latest follow-up examination placed fractures healed with some residual misalignment (up to a 5-mm displacement), but this did not appear to affect fracture healing or functional outcome. No patient complained of persistent neck pain or exhibited neurological deficit at the latest follow-up review.
Discussion
There is ambiguity in the literature concerning the nomenclature of "hangman's fracture." Previous studies have included under this term various fractures of the axis involving the lamina, articular facets, and body/pedicles. Recent studies have distinctly categorized nonodontoid, nonhangman's axis fractures, and vertical C-2 body fractures. 2, 14 Further elucidation of the anatomical terminology pertinent to hangman's fracture is warranted as well. The terms "pedicle" and "pars interarticularis" have been used interchangeably in describing the region of pathological fracture that results in traumatic spondylolisthesis. However, the axis is a transitional vertebra, and as such, its pedicle and pars interarticularis differ from those at lower spinal levels. The C-2 pedicle forms a posterolateral extension of the vertebral body, which connects the body to the lateral mass. 2 The C-2 pars interarticularis, or isthmus, joins the articular processes of the axis and is anatomically distinct from the pedicle. We believe that the term "hangman's fracture" should be restricted to a fracture that extends bilaterally through the pars interarticularis or isthmus of C-2 but does not involve the pedicle (Fig. 1) .
The mechanism of injury leading to traumatic spondylolisthesis of the axis has been well researched. 11, 18, 27 As the cervical spine is subjected to axial loading and extension forces, the cervicocranium (base of the skull, atlas, odontoid process, and body of the axis) moves as a single unit against the posterior arch of the axis of the subaxial cervical spine. The weakest link in this construct (the pars interarticularis or isthmus of the axis) fractures, thus avulsing the neural arch and inferior facet of the axis. Further loading and hyperextension cause rupture of the anterior and posterior longitudinal ligaments. Continued loading following ligamentous failure leads to disruption of the disc bond between C-2 and C-3. The majority of hangman's fractures are stable, and only after disruption of the ligamentous support and disc bond does the fracture become unstable. Neurological injury is uncommon, because the fracture itself effectively decompresses the spinal cord at this level. 3, 8, 25 The current study is consistent with numerous previous studies in documenting the clinical hallmarks of traumatic spondylolisthesis of the axis. The low incidence of neurological deficit (3.1%) and the nonunion of the fracture, as well as the high incidence of associated chest (20.3%) and face or head injuries (39.1%), are characteristic of hangman's fracture. 8, 11, 19, 24 Despite the fact that traumatic spondylolisthesis of the axis has been considered a predominantly stable fracture, there has been some controversy over its classification and treatment, and numerous classification schemes exist. 7, 8, 17, 19, 24 The most commonly cited classification is Effendi's classification, which consists of Types I, II, and III. In 1981, Effendi and colleagues 7 reviewed 142 patients at two different institutions. These patients had sustained a heterogeneous group of fractures involving any part of the ring of the axis, including the facet joints, lamina, pars interarticularis, or part of the posterior wall of the C-2 vertebral body. The authors classified various fractures of the C-2 ring as one of three types based on their anatomical location and degree of displacement. However, this classification lacks clinical correlation with relevant treatment implications. Furthermore, the Type III fracture involves a flexion mechanism of action resulting in bilateral locked facets of C-2 onto C-3, whereas numerous experimental and clinical reports have established that the hangman's fracture is predominantly an injury of hyperextension. 1, 2, 27 We believe the flexion injury leading to bilateral locked facets represents a second major force vector resulting in a separate, more severe injury, necessitating different treatment considerations. Therefore, this fracture type should not be considered when evaluating hangman's fractures. Additionally, the term "hangman's fracture" should not encompass miscellaneous fractures involving the arch of C-2.
From our experience, we believe the most straightforward and clinically relevant approach is to classify these fractures as stable or unstable, based on the amount of displacement seen on a lateral cervical spine radiograph. The best indicator of ligamentous disruption, and hence an unstable fracture, is a displacement of C-2 onto C-3 measuring 6 mm or greater as seen on lateral radiographs. To date, there have been no studies that have defined the maximum degree of displacement that can be managed safely with nonrigid immobilization. All patients in our study who had fractures displaced up to 6 mm and no contiguous cervical fractures were successfully treated with nonrigid immobilization.
Current treatment regimens for traumatic spondylolisthesis of the axis generally emphasize rigid immobilization using a halo orthosis. Previous studies have contained data on the use of nonrigid immobilization in the treatment of a minority of hangman's fractures, generally reserving this modality for nondisplaced or minimally displaced (up to 3 mm) fractures. In 1981, Francis and colleagues 8 retrospectively analyzed 123 patients from two separate institutions who had traumatic spondylolisthesis of the axis. The majority of those patients (71.5%) had been treated with cervical traction for varying time intervals followed by application of halo orthosis. The authors reported a 5% nonunion rate in all patients and concluded that a halo orthosis provided adequate primary treatment. In 1986, Grady, et al., 12 reviewed 27 patients with hang- man's fractures. The majority (60%) had been treated with a halo orthosis, but eight patients (30%), including one with a 4-mm subluxation, had been treated with nonrigid immobilization in a Philadelphia collar. All these patients showed stable fusion at follow-up examination. Hadley and colleagues 14 retrospectively analyzed a large series of patients with axis fractures, including 44 treated for hangman's fractures. The majority of those patients were managed with halo immobilization (89%), and the remainder (11%) were treated by application of a sternooccipitomandibular immobilizer brace. Two patients (5%) treated with a halo orthosis required early surgical stabilization; the remaining patients displayed stable fusion at followup examination.
The morbidity associated with use of the halo orthosis consists primarily of skin breakdown and infection at the pin site; morbidity rates have ranged from 12% to 36%. 4, 5, 10, 11, 21 More serious complications of halo use include osteomyelitis, septicemia, cerebrospinal fluid leak, and subdural abscess. 10, 21 Advantages of nonrigid immobilization include patient comfort and lower cost. Figure 2 provides a flow chart displaying treatment guidelines. Full cervical spine radiographs are obtained on all trauma patients at risk for cervical spine injury. If an isolated hangman's fracture is identified, the lateral radiographs are inspected to determine the degree of displacement. If the initial displacement is less than 6 mm, flexion/extension lateral radiographs are obtained. If there is 2 mm of motion or less with flexion and extension and less than a 6-mm overall displacement, the patient is immobilized in a Philadelphia collar. Follow-up radiographs are obtained in 2 weeks and periodically thereafter until a solid union can be seen at the fracture site.
Treatment Guidelines
If there is more than a 2-mm movement with an overall displacement greater than 6 mm, the patient is immobilized in a halo orthosis for 8 to 12 weeks until fracture healing is identified on plain radiographs.
Those patients whose radiographs show an initial displacement that is greater than 6 mm are routinely immobilized in a halo orthosis. However, some patients whose subluxation reduces in extension and whose vertebrae do not move more than 2 mm in flexion have been treated successfully in a Philadelphia collar accompanied by frequent radiographic follow-up examinations.
Associated cervical spine fractures must be identified and treated appropriately. Surgical stabilization is reserved for patients who fail to obtain a solid bone union after 12 or more weeks of immobilization or who have associated cervical spine injuries necessitating decompression or surgical stabilization.
Conclusions
The findings of this series indicate that the majority of hangman's fractures are stable and may be successfully treated with nonrigid immobilization for 12 to 14 weeks. In our experience, all patients with more than 6 mm displacement and more than 2 mm movement on flexion/extension radiographs were successfully treated with nonrigid immobilization. This regimen avoids the increased morbidity associated with rigid immobilization using a halo orthosis and the prolonged hospitalization necessitated by cervical traction as well as the increased costs associated with either of these modalities. Furthermore, this regimen allows for early ambulation while promoting a stable bone union with minimal morbidity.
